The Upper East Region of Ghana is predominantly a farming community which relies heavily on rainfall and water from rivers for irrigational purposes. The changes in the rainfall pattern coupled with the drying and seasonal nature of most of the rivers makes the total land area mostly dry. This is posing a serious threat to the agricultural sector. Therefore, this paper is aimed at implementing a Multi-criteria Decision Analysis in a GIS environment to identify suitable irrigational dam sites in the region. Five factor criteria were used to determine suitable sites and three constraint criteria were subsequently used to determine optimal sites from the suitable sites. Therefore, optimal sites where areas that satisfied both the factor and constraint criteria. Results of the study indicate that 3.69% of the study was classified as being suitable sites for irrigational dam, however the application of the constraint criteria reduced this number to 0.45%, which represent the optimal sites that were selected. Three of these optimal sites were concentrated at the central portion of the study area with one being located at the lower left corner of the study area. The results obtained from this research provide clear areas where irrigational dams can be located.
Introduction
Water scarcity is a fundamental problem in the Upper East Region of Ghana especially in recent years. The region has only two main reservoirs, namely the Tono and Vea Irrigation Dams, which collect both stream and run-off water from highlands for usage. Most of the rivers are seasonal and carry water only after rainfall, making the total land area dry most of the year. In most areas of the region where water sources are even available, they are usually located far from towns and other human settlements. People, especially women and children, have to make journeys for a number of hours to reach shallow hand-dug wells or ponds, which they share with livestock and other animals. Unfortunately, these water sources often dry up, and even when they are usable, they are often contaminated. As most of the time is spent searching for water, there is very little time left for other activities such as agriculture, much less education. The region therefore has limited sources of fresh surface water. Even though groundwater can be tapped at times, the quantity and quality is usually too poor to meet the increasing population as demand exceeds supply. The 2010 population census postulated that over 70.1% of the entire populace in the region are engaged as skilled agricultural, forestry, and fishery workers (GSS, 2012) . The people have therefore been facing these severe water shortages over the years and construction of good dams is recommended as a possible solution to meet the future demand of water supply.
A well-selected dam site will not only give the optimum benefits but its aesthetic value may also create a recreational area surrounding the dam. Locating a suitable dam site is a decision making process that involves the consideration of diverse criteria. During this stage, large volumes of datasets have to be handled and analyzed. In considering these factors and the fact that the information about the environment is inherently geospatial, leads to the need to use Geographic Information System (GIS) tools, concepts, and technology in managing the data (Tsiko & Haile, 2011) . In order to address this water challenge, there is the need for a system or tool that can consider all spatial factors to select a dam site. For the purpose of this research, the use of GIS and Multi-criteria Decision Analysis (MCDA) techniques is a possible way of making optimal decisions in selecting a suitable dam site for construction. This research therefore sought to identify the various criteria for selecting a suitable dam site for construction; to determine the degree of influence of each criterion and to determine suitable locations for construction of dams across the entire region.
In the selection of a site for dam constructions, certain factors must be considered. These factors have to capture certain variables or constraints in the determination of a suitable site for a dam. Some relevant information on site selection for dams have to been followed very closely. Studies have been conducted to determine the importance of GIS application in selecting the best sites for construction of irrigation dams. Khitam and AL-Maitah (2005) explained that, in engineering sites selection for dams there is the need to take the following requirements into consideration: low drainage density; low sediment loads that the streams carry in order to increase the life-span of the dam; hard rock in the site of the dam; higher rainfall/high rainfall percentage; low tectonic lines contour-density in order to avoid internal movement of water; the dam-site is in an anti-dip valley in order to collect water; less evaporation; a place that doesn't affect the natural aquifers; and a place that gravity forces could transport water to where it is need. However, in Upper East Region of Ghana, these factors failed to present specific constraints in siting irrigation dams and therefore were not used in this research. Research by Al-Adamat et al. (2012) indicated that dams are usually built on rivers and human activities have had a profound impact on river systems throughout the world. Proper investigation, interpretation, and analyses of different terrain parameters such as elevation, topography, and slope instability of the dam site hold the key for the success of the dam in terms of economic sustainability and durability. Geo-spatial techniques will provide not only fast and accurate data, but also reliable data, which can be further analyzed in order to give the complete picture of the dam site (Al-Adamat et al., 2012) . According to Singh, Darshdeep, and Lorita (2008) , in India, criteria such as slope, land use, soil infiltration rate, and soil type have been used for making decision in selecting a suitable site for various water harvesting structures as per Integrated Mission for Sustainable Development (IMSD). Another research carried out by Steer (2006) to selected site for a small aquaculture farming system in the Western Cape considered several factors including accessibility, the capacity of the site, and security risk zones. His site selection parameters were suitable in siting irrigation dams except that its selection was limited to only land use and protected areas constraints.
Al-Adamat et al. (2012) in "The Combination of Indigenous Knowledge and Geo-Informatics for Water Harvesting Siting in the Jordanian Badia" indicated the following criteria as best for dam site selection: distance to wells should be more than 500 m; must not be less than 250 m from settlement; distance to urban areas should be more than 500 m; distance to agricultural activities should be more than 500 m; distance to roads should be less than 5000 m; distance to roads should be more than 250 m (Village Areas); rainfall should be > 50 mm / year; slope should be < 5 %; distance to faults should be > 1000 m; and soil texture should be silty loam, loam, or silty clay loam. The factors they considered were fully considered in this research except that the distance to settlement and soil type were not used in siting the irrigation dam. The distance to settlement is too short to be used for an irrigation dam of target catchment area of over 404 Ha. This was to ensure that communities closer do not get flooded by the dam in times of disasters.
The integration of MCDM with GIS has considerably advanced the conventional map overlay approaches to the land-use suitability analysis. Key considerations in MCDM involve; the GIS capabilities to acquire data, store, retrieve, manipulate and analyze, and the MCDM capabilities to combine the geographical data and the decision maker's preferences into uni-dimensional values of alternative decisions (Munyao, 2010) . In general, the MCDA in GIS should be viewed as a process of conversion of data to information that adds extra value to the original data (Liaghat et al., 2013; Samo & Anka, 2009) . Analytical hierarchy process (AHP) is one of the GIS-based MCDA that combines and transforms spatial data (input) into a resultant decision (output). The procedures involve the utilization of geographical data, the decision maker's preferences and the manipulation of the data and preferences according to specified decision rules referred to as factors and constrains (Munyao, 2010) . The process involves the structuring of factors that are selected in a hierarchy starting from the overall goal to criteria, sub-criteria, and alternatives in successive levels. Therefore, this research aimed at implementing a Multi-criteria Decision Analysis in a GIS environment to identify suitable irrigational dam sites in the Upper East Region of Ghana.
Material and Method

Study Area
The Upper East region is located in the north-eastern corner of Ghana. It lies within latitudes 10˚ 15'N and 10˚ 10ʹN and longitudes 0˚00ʹ and 1˚4ʹW. It is bounded on the north by the Republic of Burkina Faso, on the south by the Northern Region of Ghana, and on the East and West by the Republic of Togo and Upper West Region of Ghana, respectively. The region covers a land area of 8,842 km 2 (representing 3.7% of total land mass of Ghana) and with a population density of 103 persons per km 2 (Akapule, 2011) .
The region is predominantly undulating, with slopes less than 10%. The region is mainly made of gentle slopes ranging from 1% to 5% rise and about 70% of it is subject to moderate to severe sheet and gully erosion. Valley areas are prone to seasonal water logging and floods. Drainage is mainly by the White and Red Volta and the Sissili Rivers (MoFA, 2011). The soils have predominantly light textured surface horizons with sandy loams and loams with very poor organic matter content. Lower soil horizons have slightly heavier textures varying from coarse sandy loam to clays. Heavier textured soils occur in many valley bottoms which are suitable for rice cultivation. Many soils contain abundant coarse material either gravel and stone, or concretionary materials which affect their physical properties, particularly their water holding capacity. Figure 1 is a map of the study area.
Materials
Several datasets ranging from vector to raster and at different scales and resolutions were used for this research. Some of the datasets that were used for this research as well as their sources are listed in Table 1 . Most of the dataset were obtained from the Geomatic Engineering Department (GED) of the University of Mines and Technology (UMaT), Tarkwa.
Methods
This research made use of MDCA implemented in a GIS environment to determine suitable sites for irrigation reservoir construction. This is because the integrated use of MCDA and GIS has several advantages over the traditional map overlay technique, especially in terms of performing land suitability analysis. MDCA not only has the ability to manipulate and analyze diverse data but also has an additional capability to combine spatial entities and the analyst's preference into a single dimensional values.
Adopting this technique, the research methodology was implemented through four main stages. First of all, data was collected and validated and criteria were determined based on the available data. Appropriate attributes about each criterion were established and the percentage influence of each criterion was also determined using AHP. Finally, the weighted criterion was overlaid by performing a weighted overlay analysis to develop a suitability index combining all criteria. Research has indicated that there are two kinds of criteria that support decision making: constraint criteria and factor criteria. The criteria set up for this research were based on these two kinds of criteria.
Factor criteria are those generic constraints that can approximately predict to some level of acceptance, how suitable or not a particular geographic feature is located relative to other features in the same geographic space. The following were the factors adopted for this research based on the consistency of opinion in wide literature review and the data available: slope; soil group; proximity to agricultural activities; proximity to towns and settlements; and proximity to roads.
The constraints were based on the most simplistic type of data aggregation techniques known as Boolean Intersection or logical AND technique. In this technique, areas considered as unsuitable are excluded and coded with a value of 0 and those considered as suitable areas are coded with a value of 1 (Tsiko & Haile, 2011) . In this project, the constraints were grouped into five classes. Classes with values of 1 to 3 were all considered unsuitable and those within classes 4 and 5 were grouped as suitable. After an extensive literature review and discussion with experts, it was decided that a suitable site should satisfy the following constraint criteria: greater than 0.5 km from agriculture activities for farmers to easily access it; more than 5 km from settlement to prevent destruction of property and dislocation of the citizenry in the situation where flooding occurs; must be less than 1 km from a highway for accessibility; the soil type should be fluvisol, luvisol or gleysol or a combination of them; the slope should be less than 3%; the site should be away from protected areas such as forest and game reserves; and the catchment area should not be less than 500 Ha. The criteria adopted for this research were grouped according to buffer zones and classes as shown in Table 2 below. Using the constraint criteria, datasets together with their attributes were derived for each of the criteria using the factor criteria as inputs. Two kinds of dataseta were derived, that is, slope from the DEM, and a straight line distance from the road, settlements, and agriculture activity location.
A Euclidean distance tool was implemented in a GIS environment. This Euclidean distance identifies for each cell, the straight line distance to the closest source cell, set of source cells, or source location. A Euclidean distance was set for proximity to highway, towns/settlements, and agricultural activities. This in a way converted all the points, line, and polygons features into a raster dataset.
Deriving datasets, such as distance to highway, is the first step when carrying out a site suitability analysis. Each of the cells in the study area now has a value for each input criteria. At this stage it was practically impossible to combine the derived datasets, hence the need to standardize each of the individual dataset. For instance, combining a cell value in which slope is 1% with a cell value for distance to highway equal to 1 km to get a meaningful answer that can be compared to other locations is impossible. Hence, to combine the dataset, there was the need to set all the individual dataset unto a common evaluation scale. In this case, suitability was determined to be from 1 to 5 by 1, where suitability increases with an increase in the evaluation scale (Eastman, 2009; Stemn & Bilintoh, 2015) . The dataset were therefore standardized into five classes using the information provided in Table 2 . This enabled each range of values to be assigned one discrete integer value such as 1 or 2 according to the standardization scale.
Assignment of Weight
In order to ensure that each criterion was evaluated on the basis of its relative importance, two approaches could be considered; (1) selecting the same numerical range (0-255) for each of the various criteria (standardization), assigning each criterion a score based on its relative importance (weight) and multiplying each standardized criterion by the value assigned to its relative weight to calculate its suitability index or (2) using a variable numeric range for the various criteria depending upon the relative importance of each criterion (Rafiee et al., 2011) . In this research the latter method was adopted.
Several methods are available with which to determine the relative weight of each criterion. These include the ranking method, the ratio method, the trade-off analysis method, and the pairwise comparison method (Malczewski, 1999) . In this study, the pairwise comparison method was adopted to assign weights to each criterion. This method provides an organized structure for group discussions and helps the decision making group focus on areas of agreement and disagreement when setting criterion weights (Drobne & Lisec., 2009) . Saaty (1980) proposed the pairwise comparison method in the context of the analytical hierarchy process. According to him, this method is an effective method for the determination of relative importance. The method uses a ratio matrix to compare one criterion with another. The matrix of pairwise comparisons represents the intensities of the expert's preference between individual pairs of criteria. They are usually chosen according to a given scale ranging from 1 to 9 for a given 'n' number of criteria, where 1 represents criteria of equal importance and 9 represents a criteria with extreme importance com[pared to the other (Triantaphyllou, 1995) .
Experts and decision makers were consulted to fill in the comparison matrix. Using the procedure described by Malczewski, (1999) , the weights for all the five criteria were determined as shown in Table 3 . The judgment table (comparison matrix) was represented by a 5 x 5 matrix and then multiplied by itself to obtain eigenvectors. This was then normalized by summing the eigenvectors and dividing each value of the eigenvector by the sum under each column. The weights were obtained after the normalization process. The process was iterated three times before the weights assigned to each criterion were accepted based on the maximum allowable consistency ratio generated by Thomas L. Saaty. A Consistency Ratio (CR) of 0.04 was achieved which was less than the maximum allowable ratio of 0.10. After determining the weight, there was the need to combine all the weighted criteria to obtain a suitability map by performing a weighted overlay analysis in a GIS environment. According to Rafiee et al. (2011) , there are several ways of combining the criteria and calculating the suitability index. Among these methods of criteria combination the most common procedures are Boolean intersection (BI), WLC, and ordered weighting average (OWA). In this study, the WLC method, which is based on a weighted average that can easily be implemented in a raster GIS environment, was adopted and applied. By obtaining the summation of the product of the relative important weight (percentage of influence) of each criterion with its standard suitability score, a suitability index was determined using equation 1 shown below.
where SI is the suitability index, w i is the relative importance of criterion i and Si is the standardized suitability score of criterion i.
Selecting the Best Site
In order to determine the best or optimal site for the construction of the reservoir, a minimum area and minimum optimality threshold was applied to the suitability index. Using several map algebra techniques and conditions, the highly suitable areas (pixels with suitable score of 5) were selected and exported as a vector layer. To further reduce the number of selected best sites, a constraint map was used, which was obtained by applying a Boolean logic. Suitability score was then determined from the product of the constraints and the suitability index using equation 2 (Malczewki, 2004; Rafiee et al., 2011; Stemn & Bilintoh, 2015) .
where C j is the score of constraint j and ∏ is the product sign for the constraints. This means that the product of the constraint was multiplied by the suitability index of each pixel. The constraints map consisted of a buffer of 5 km around protected areas and a buffer of 2 km from urban centers. A land area of 500 ha was determined to be the minimum size of land required for the reservoir. This value was determined after consultation with city planners and also looking at the size of the current two dams in the study area. Figure 2 is a flowchart of the research methodology used.
Results
Selection and Standardisation of Criteria
Figure 3 is a map that shows the outcome of the standardisation of the chosen factor and constraint criteria. As was described in the methods, five criteria were chosen and were further standardised into five classes (1 to 5) of suitability with suitability increasing from 1 to 5. Table 4 shows the areas in both kilometre square and percentage of each of the standardised suitability score. 
Overlaying of Weighted Criteria to Develop Suitability Index
The individual standardised evaluated criteria were overlaid to obtain a composite suitability index. The suitability index of irrigation dam sites for the entire study area is depicted in Figure 4 . The figure shows five categories of suitability beginning from 1 to 5, with 5 depicting the highest level of suitability for the location of an irrigational dam. Additionally, the area for each of the suitability categories for the composite suitability index was computed in both kilometre square and percentages and is as shown in Table 5 . 
Selection of Optimal Sites
After overlaying all the evaluated criteria to obtain the composite suitability index, a total of 57, 946 cells or pixels representing 3.69% of the study area were selected as highly suitable (cell with a suitability index of 5). Due this massive number of the highly suitability areas, there was the need to apply another constraint criteria and a catchment area size to reduce the numbers for easy selection of an optimal. After doing this as has been described in detail in the methods section, a total of four sites were selected as optimal areas for the locatyion of an irrigational dam within the study area. These four sites satisfied the catchment area of not less than 500 ha or 5 km 2 as well as were 5 km away from protected sites and 2 km away from urban centers. Figure 5 is map that shows the spatial distribution of the four selected optimal sites. 
Discussion
In selecting a suitable dam site, the catchment area is an important parameter and this depends on the slope. The smaller the slope in percentage, the larger the catchment area and the more suitable it is for the dam to contain large amount of water with less gravity effects against the dam wall with time. Therefore, a slope of 0% to 1.5% was chosen as relatively high suitability range since the general topography of the study area is less than 5%.
The soil was another important factor in selecting a site for the dam. Fluvusol, Luvusol and gleysol were more suitable than vertisol, planosol, and Lixisol. For instance, Fluvusol, Gleysol, and Luvusol are found on level and gently sloping topography and are periodically flooded with ground water, rivers, and are good for rice cultivation, making them suitable over the rest. Lixisol are found in pronounced old erosional and dry surfaces. Vertisol, Planosol, and leptosol are found in high relief zones making them relatively not suitable for dams.
A site that was less than 0.5 km distance to agricultural activities, more than 5 km distance away from towns, and less than 1 km distance away from roads were considered suitable for the dam site. The distance to agricultural activities was very small in order to have access to water for farming purposes. The less than 1 km from roads was to provide enough access to the route networks. Distance to towns was relatively far in order to prevent flooding of settlements in times of disaster.
From literature, several factors need to be considered when selecting a site for an irrigational dam. Most of these factors or criteria have been highlighted in the introduction. In this particular research, the criteria used where selected solely based on availability and applicability of data. For instance, rainfall can be a very important factor for siting an irrigational dam, however, in this research rainfall was not used because preliminary study of the study area shows that the annual amount of rainfall is generally the same throughout the entire study area. The tectonic of the area could have been considered, however, due to unavailability of such data, it was not included as an evaluation criteria. Thus the inclusion of some other evaluation could have potentially been appropriate for the site selection exercise and could have contributed to the number and location of the selected optimal sites.
To ascertain the reliability of the research methodology that was adopted, validation was needed. This was done after obtaining the composite suitability index from the combined or overlaid weighted evaluated criteria. Two existing dams which are no longer effective and efficient were plotted on the composite suitability index map and their location determined. It was observed that both dams were located in a highly suitable area (cells with a suitability index of 5) and therefore provided some level of reliability and consistency to the methods used for this research.
